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1 .1 INV IT A T IO N
C H A P T ER 1
T ER M S O F R E F E R E N C E
In a le t te r r e fer en ce SW A G 3 5 21 G W d a te d 30 th A u g u s t
1985 , th e N a tio n a l C o a l Bo a r d (N C B ) i n v i te d S i r A le x an d e r
G ib b P ar tn e r s (G ib b ) to a s s is t th em in d e f en d in g a H ig h
C ou r t a c tio n co n ce r n in g a f lo od i n g i n c id en t a t R h y d -y - C ar ,
M e r th y r T y d fi l o n 2 7 th D e cem b er 19 79 .
I t w a s i n d i c a te d in th e N C B 's l e t te r th at G ib b w o u ld
b e requ ir ed to r ep o r t o n ce r tai n a sp e c ts o f th e f lo o d i ng
i n c id en t w i th a v ie w to g iv i n g exp e r t ev id e n ce a t th e tr i a l
o n b e h a l f o f th e d e fen d an ts .
G ib b i n th e i r le t te r r ef e r en ce 8 4 7 1 2F /M .240 7 d a te d
3r d S ep temb e r 19 8 5 a cc ep te d th e N C B 's i nv i ta tion t o c a r ry
o u t th e w o r k a n d p r op o sed in th a t le t t er th a t th e In s ti tu t e
o f Hy d ro logy , W a ll in g for d , sh ou ld ex am i ne th e hy d r o lo g y a s p e c ts
o f th e si te .
C o p i e s o f th e ab o v e le t te r s a r e e n c lo sed a t A pp e n d i x A .
1 .2 DE T A IL S O F W O R K T O BE DO N E
T h e N C B in th e i r le t ter r e fe r e n ce SW A G 3521 cw d a te d
16 th D e cemb e r 19 8 5 , in d i c a te d th e p a r t i cu l ar asp e c t s o f th e
f lo od ing in ci d e n t th ey w ish e d G ib b to e x a m i n e . E n c lo se d
w i th th a t le t te r w a s a b u n d le o f d o cu m e n ts w h i ch g av e d e t a i ls
ab ou t th e i n c i d en t .
A cop y o f th e le t te r i s e n c lo s e d a t A p p en d i x B .
Th e ph o t o g r ap h s r e fe r red to i n t h e le t ter w er e h an d ed
to G ib b o n 4 th F eb ru ary 19 8 6 .
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T h e r e w e r e th re e a sp e c ts w h i ch G ib b w e re r eq ue s t ed
to co n s id e r as fo l low s :
(1)
(i i ) T o te s t th e a s s e r t i o n i n the N CB 's
d e fen ce th a t in a ll th e c ir cu m s tan c e s ,
i t w a s n o t n e ce s s a ry t o con s tru ct a g r i ll
a t th e e n tr an c e to th e c u lv er t w h i ch b e c am e
b lo ck ed , th e co n s e q u e n c e s o f w h i ch r e su l ted
in th e f lo o d i n g i n c i d e n t .
(i ii ) T o ex am i ne th e e f f e c t o f th e em b ank m e n t
a nd b lo ck ed c u lv e r t o n th e co n s eq u e n t
f lo o d .
1 .3 A D J U STM E N T S T O T HE SC O P E O F W O R K TO B E D ON E
A t a m e e tin g in th e A b e r am an O f f i ce s o f th e N CB 's
Op en c a s t E x e cu ti ve o n 18 th F eb ru a ry 19 8 6 , G ib b p r e se n te d
th e ir p re lim i n ar y fi nd in g s an d so u g h t c l a r i f i c a tio n o n th e
s cop e o f w o rk to b e d on e .
A t th a t m e e t in g i t w a s ag r e e d to am e n d th e s cop e o f
w o r k to b e do n e b y G ib b a s g iv en b e low :
(i)
T o ex am in e a r ep o r t p r ep a red b y M r .
Hu g h P ay n e , fo r th e N C B , w h ich d e a l t
w ith th e hy d r o lo g y o f th e affe c te d
c a tchm e n t an d to c om e to an i n d ep en d e n t
co n c lu s io n a s to w h e th e r or no t M r P ay n e 's
fin d ing s c an b e su p p o r te d . A ls o t o
com m en t up o n th e r ep o r t p rep a r e d b y
M r . M .A . Pe r ry , th e P la in tif f 's E ng i n e e r .
A ny d i f fer e n ce s o f o p i n i o n w e re to b e
h ig h l ig h te d .
A n ex am in a t io n o f o th e r cu lv e r t s r em o te
from th e a f fe c t e d c a tch m e n t w h ich w er e
co n s id e r ed i n M r . P ay n e 's rep o r t w a s n o t
to b e ca r r ie d o u t a n d G ib b 's s tu dy w a s
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to b e con fin ed to th e o n - site cu lver ts .
It w as ag reed th a t th e s tudy r ep o rt
sh ou ld ad dres s th e te ch n i cal a spe cts o f
th e f lo od ing in ciden t ind ep end en tly ,
m ak in g re la tiv e ly few re feren ce s to
P ay n e 's rep or t .
(ii) Th e N CB ag reed to p ro vid e su rv ey in form a tion
o f th e stre am , con temp or ary w i th th e f loo ding
in ciden t to enab le a ch e ck to be m ade on
th e v o lu m e o f w a ter impo u nded b y th e
b lo ck ed cu lver t .
(iii ) To co n sid er th e e ffe c t o f th e flood flow
dow n str eam o f th e b lo cke d cu lv e r t b y u sing
th e sur vey in fo rm atio n in (ii ) ab ov e .
(iv ) To m ake enqu ir ie s w i th M id G lam o rg an
Co un ty Cou n ci l , the h igh w ay au tho r ity ,
in o rde r to find ou t if the ro ad on top
o f th e em b ankm en t ov er th e b lo ck ed cu lve r t
is a h ighw ay m ain tainab le at th e pub li c
exp e n se .
A cop y o f the no te s o f the m ee ting is en c lo sed a t
A pp en dix C .
1 .4 SCOPE OF TH IS R EPOR T
Th is r epor t set s o u t th e find ing s o f the s tu dy u nde r-
tak en b y G ib b o f cer tain asp e cts re la ting to th e flood ing
in ciden t a t Rhyd-y -C ar on 27 th De cemb e r 1979 .
2 .1 L OC A T IO N
2 .2 D E S CR IP T IO N O F S ITE
C HA P T E R 2
DE SCR IP T IO N O F F L O O D IN G A T  R HYD - Y- C AR
O N 2 7T H D E CEM B E R 19 79
R h y d - y - C ar is s i tu a te d to th e S o u th W e s t o f M er th y r
T y d fi l o n i ts u rb a n fr i ng e ; s e e F igu re 2 .1 .
A la rg e p ar t o f th e c a tch m en t o f th e N an t R hy d -y - C a r
co m p r i se s an a r e a o f o ld m in e w o rk in g s w h i ch h as le f t th e
l an d i n a d e r e l i c t s ta te . W i th in th e a r e a o f tip p i n g fr om
th e o ld m in e w o rk i ng s , th e s tr e am s p a s s th r o u gh a n u mb e r o f
cu lv e r ts to ac com m o d a t e fo rm e r r o adw ay s , tr am w ay s an d r a i lw ay s .
2 .3 F LOO D IN G IN C IDE N T O F 27T H D E C E M BE R 19 79
T h e f loo d i n g in cid e n t o f 27 th D e c em b e r 19 7 9 h a s b e e n
r ep o r te d u p on b y M r . R .A . C r id d le , A r e a O p e n c as t G e o lo g i s t
o f th e N CB i n tw o r ep o r ts d a t ed th e 2n d J a nu a ry 19 80 , v i z :
(i ) Co l l i e r s R ow S i te : F loo d i n g a t Y ny s f ach
(i i ) C o ll ie r s R ow S i te : F lo o d i n g a t R h y d -y - C a r
M e r th y r T h u r sd ay 2 7 th D e cem b e r 19 79 .
N o te s on V i s i t s to S i te b e tw e e n F r id ay ,
28 th D e ce mb e r 19 79 a n d S u n d ay 30 th
D e ce mb er 19 7 9 .
D r aw ing N r . 0 70 7 5 5 5 is an ex tr a c t fr o m th e p la n
a c com p any i ng th e la tte r r ep o r t i n w h i ch th e v a r iou s fe a tu r e s
o f th e f lo o d in g i n c id e n t h av e b e e n a n no ta te d b y m e an s o f n o te s
o n th e p lan an d le t ter s w h ich ar e re fe r r e d to in th e te x t o f
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Sc ale : 1 . 25000 LO CA T IO N O F RHYD- Y- CA R CO T T A GE S
F I GU RE 2 . 1
From M r . C r idd le 's rep or t , i t ap p e ars that th e cu lv er t
at po in t J on Dr aw ing N r . 0 70 7555 b e c am e b lo ck ed . Th a t
p ar ticu lar cu lv e r t p as sed under a ro ad emb ank m en t w h ich
imp ounded the w a te r to  a  d ep th o f ab ou t 7 .3 m e tre s . Th er e
then ap p e ared to b e a b re ach ing o f th e emb an k men t w i th an
o u tp ou ring o f th e w a ter w h ich ove r topp ed cu lve rts and
emb ankmen ts dow n str e am , ex cep t th e cu lv er t b e tw een p o in ts
E and C show n on D raw ing N r . 0 70 755 5 .
Th e w ater w as con tained by th e emb ank m ent b e tw ee n p o in ts
E and C excep t for a s ligh t over sp i ll an d th e dis ch arg e o f w a ter
b eyond th is cu lv er t w a s con tro lled  by  th e cap acity o f th e cu lver t
b e tw een p o in ts E and C .
Ju st dow n s tr e am o f th e cu lv er t b e tw e en po in ts E and C ,
w e re th e Rhyd-y -C a r co ttag es .
Th e re fer en ce s in th is rep o r t to po in ts A , C , E and
J are th o se re fe rr ed to on NC B p lan 0 70 7555 .
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C HA P T ER 3
F L OO D H Y DRO LOG Y O F S IT E J CA T C HM E N T , R H Y D - Y -C A R
3 .1 CA T C HM EN T DE S C R IPT IO N
T h e N a n t Rh y d - y - C a r c a tch m e n t to s i te J d r a in s a
r e l a t ive ly s te ep , EN E f a c ing c a tch m en t o f ab o u t 1 .4 3km 2 ;
s e e F igu r e 3 .1 . T h e c a t ch m e n t r an g e s i n a l t i tu d e fr om
ab o u t 20 0 to 4 50 m A O D w i th a n e s t im a te d av e r a g e a n n u a l
r a in f a l l o f 170 0 m m . T h e n a t u r a l so i ls ar e r e la ti v e ly
im p e r m e ab l e . A sm a ll p o r tio n o f th e u p p e r c a tch m e n t i s
fo r e s ted w i th s om e d i tch in g . T h e ca t ch m en t h as b e e n sub je c t
to ex te n s i v e d r i ft an d d e ep m in in g , w i th w i d e sp r e a d tip p in g .
In e st im a tin g th e ca t ch m en t ar e a e f fe c tiv e i n flo o d
co n d i t io n s , a c co u n t h a s b ee n tak e n o f th e m a n y cu lv e r ts ,
em b an k m en t s an d o th e r m a n -m ad e fe a tu r e s . F o r e x am p le , th e
l a ck o f a n ad j a cen t e f fe c tiv e cu lv er t th r o u g h th e s i te J
em b an k m e n t m e an s th a t th e c a t ch m e n t d r a in ed b y th e N an t
R h y d- y - C ar i s s om ew h a t g r e a t e r th a n i f th e e n ti.re emb an k m e n t
w e r e r em o v ed . P ar ti cu la r ex am p l e s o f th e i n f lu e n ce o f m an -
m a d e fea t u r e s a re h ig h l ig h t ed b y d r ai n a e e s a t
s i te s X an d Y o n F ig u r e 3 .1 . T h e e ffe c t o f in com p le te ly
a ts an d a d i ts on su r fa ce w a te r d r a i n a ge i n
f lo o d con d i tio n s is th ou gh t t o b e s lig h t . A l th ou gh lo c a lly
th e r e m ay b e so m e m id - t e rm an d lo n g - te rm u nd e rd r a i n ag e th ro u g h
o ld m in e w o rk i n g s , i t i s e s t im a t e d th a t an y b en e fi t fr om th i s
(in te rm s o f r e d u cin g f lo od r e sp o n se ) i s o u tw eigh e d b y th e
in fe r io r i n f i ltr a tio n c ap a c i ty o f th e d i s tu rb e d g r o u n d
(com p a r ed to th e n a tu r a l co n d i ti o n ) .
In so m e p a r t s o f th e c a t ch m en t , tip s h av e e n cro a ch e d
o n w a ter - c ou rs e s an d ar e th e n su s c ep t ib le to ero s i on . Th e r e
i s v i s ib le. i nd i c a tio n th a t s u b s ta n tia l e r o s i o n h a s o ccu r r ed i n











FIGURE 3 . 1 PLAN OF CATCHMENT T O SITE J. NEAR RHYD- Y- CAR
Rhyd- y- Car
b an d , and th is pr o ce s s w ill app r eci ab ly cc e lera t;) a t time s
o f h igh s tre am flow su ch as occu rred in th e De cemb er 19 79
f lo o d . Th e m e ch an ism o f e ro sion is a co n t inuou s remov al
o f m ateria l in con tac t w ith fas t f low in g w a ter .  a  Du rin g
h ig h flow p e riod s th e d ep th o f flow in c re ase s and the b ank
su r face sub je c t to ero sion is en larged . A s m ate r ia l is
rem oved the b ank s teep en s or ev en u nder cU ts loca l ly cau sing
b an k slipp age s wh ich m ay be ,large— e'nou gh to tempo r ari ly
ob s truc t th e f low . T he se in tur n w i ll b e er oded and
co llap se ; th e p r o cess causing f lo w flu c tu a tio ns an d sh o r t
term velo ci ty in cr ease s wh i ch w ill acce le r a t the erosion
p ro cess .
s tre am
E ros ion from th e b ank s w i ll dep o s i t m a ter
and r ai se the b ed leve l so th at , in time , th e cu lv e r ts
i ll be b e low th e gene r a l pr o fi le o f th e s tr e am b ed . Th is
n time w i ll sub s tan tia lly in cr ea se th e p o ss ib ili ty o f cu lve r t
b lo ck age . Th e p ro ces s wou ld b e_(:S.cce le ra te4 > if th e re i s a
--
sub s tan tia l b an k s lip ad jacen t to the u p s tre am en d of a
T hb
u lver t .
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3 .2 F LOO D E ST IM A TE S
Peak flo od estim ates deriv ed by th e F lood S tu die s
R ep or t rain fa ll/ru no ff m e th od (as up d ated b y Supp lemen tary
R ep o r t N o . 16 ) are g iv en in App en d ix D . Th e co rr e sp on ding
floo d fr equ en cy re l ation sh ip is show n in F ig ur e 3 .2 . For
ex amp le th e e s tim a ted 50 -year p eak f low is 5 .84 cum ecs .
F loo d es tim ates m ade from c atchm e n t ch arac te ris tics
(as oppo sed to g au ged f low d a ta ) are in ev itab ly un cer ta in .
Th e true floo d frequen cy re la tionsh ip m igh t e asily b e 33 p er
cen t low er or 50 p er c en t h igher . Be t ter e s tim a te s can b e
g ained b y g aug in g flow and ra in fall fo r a t le ast f iv e f lo od s ,
requ iring p erh ap s a 12 mon th re cord . T o ob tain f lo od es tim a tes
re li ab le to w ith in 10 p er cen t i t is ne ce ssa ry to g auge p e ak
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FIGURE 3.2 SITE J FLOO D FREOUENCY RELATIONSHIP
(ra infall/ runoff method)
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Th e ca lcu la tions in App end ix D ind ic a te th a t th e
h igh es t p eak f low s from th e site J ca tch men t g ener a lly
resu lt from sh or t in tense s to rm s  (e .g .  o f 4 .2 5 - h our
dur a tion ) r a th er th an from p ro long ed h e avy r a infa ll even ts .
3 .3 THE DE CEM BER 19 79 STORM
Th e sto rm o f 26/ 27 th De cemb er 19 79 w a s a p ro long ed
h eavy r ain fa ll even t w hich p rodu ced sev ere flood ing o f m a jo r
Sou th W a le s r iver s su ch as th e Rh ondd a , T a f f and U sk .
C lo s e in sp e c tion o f d ai ly r aing aug e d a ta ind icate s
th a t ab ou t 144m m fe ll on th e site J cat ch men t in th e tw o -d ay
p er iod 26/ 27 th De cemb er 19 79 . Th is e stima te w as ob tain ed
as the m e an o f ten gauges w ith in a 15km r ad iu s , th e g au g es
b eing se le c ted to g ive g ood sp a ti al cover ag e and a repr e sen t-
ativ e m e an a l titu d e (29 5m AO D ) .
In sp ec tion o f re cord ing r aing au g e d ata fo r a numb er
of s ites - no t ab ly the re cord at Ab e rd ar e F i lters (5km SW
o f th e c atchm en t cen troid ) - ind ic a te s th a t ab ou t 8 7 per ce n t
o f th e tw o- day dep th fe ll in a 16 h ou r p er iod comm en cing
23 .00 h r . on 26 th De cemb er 19 79 . T ab le 3 .1 sh ow s that th e
as cr ib ed r ari ty o f th e 26/ 27th De cemb er stor m d ep en ds v e ry
mu ch on th e du r a tion o f rain fal l con sid ered . Th e peak
dis ch arg e o f 3 .0 5 cum ecs (ca lcu la ted fr om th e rain fall
figu re s ) r esu lted from 45m m . rain fa ll in th e w e tte s t p er iod
o fl e6 4
o f 4 .25 hou rs and th is r ain fa ll (in ten si t}) h as a re tu rn p er io d
o f o n ly ab ou t 9 ye ar s (F igu re 3 .2 ) . H ow ev er , th e 16 h ou r
rain fall o f 12 5mm h as a re tu rn p er io d o f 155 y ears . Th e
even t w as th er e fo re no t unu su al on th e b asis o f ra in fall
in ten si ty lead in g to p e ak flow , b u t r are on th e b a sis o f
i ts dur a tion .
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T h e r e a r e se v e r a l fe a tu r e s o f th e c a t ch men t th a t i t ne_i G.
i s n o t p r a c t i c a l to rep re sen t i n th e ty p e o f r ain f a l l/ ru no f f
m o d e l av a i lab le fo r f loo d e s t im a t io n b u t w h i ch n e v e r th e le s s
m ay b e im p o r ta n t . Th e v ery e x te n s iv e m in i n g and t ip p i n g
a c t iv i t ie s i n th e p as t h av e l e ft a c a t ch me n t w ith m an y
s u r fa ce d ep re s s io n s , emb an km e n ts a n d c u lve r t s of lim i te d
c ap a c i ty w h ich m ay d e lay ru n o ff fr om th e c a tchme n t ap p r e c i ab ly ,
m ak in g i t m o r e se n s i tiv e to l ar g e v o lu m e , lo n g du r a t io n s to r m s .
T h e e n c ro a ch m e n t o f t ip s on w a t er co u r s e s g iv e s p a r t i cu la r
s cop e fo r e r o s io n ; i f ap p re c i ab le se d im e n t tr an sp o r t d o e s
o c cu r th e n i t w i ll tr av e l fu r th er i n a l on g du ra t io n ev e n t .
A s i s e v id e n ce d b y th e c a t a s tr o p h i c imp ou n dm e n t a t
th e s i te J cu lv er t , th e ob s t r u c ti o n o r p a r ti a l ob s tr u c t io n
o f a cu lv e r t fu r th er in cr e as e s th e se n s i ti v i ty to lo n g
d u r a ti o n f loo d e v e n t s . Th e r e a r e m a n y cu lv er ts i n th e
s i te J c a tch m e n t an d so m e o f th e s e m ay h av e temp o r a r i ly
h e ld b a ck w a te r i n th e De cem b e r 19 79 e v e n t . Un fo r tu n a te ly ,
i t is n o t p r a c t i ca l to m o d el th e c a t ch m e n t i n su ch d e t a i l , n o r
i s i t n e c e s s a r i ly tru e th a t p r e se n t  c o n d i t i o n s  r e f le c t th e
s t a te o f th e c a tch m en t a t th e t im e o f th e D e cemb e r 19 79
e v e n t .
TA B L E 3 .1
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D irec t an a ly sis o f d a ily r ain fa l l re co rds for lo ng -
term gaug es in th e area ind icate s th at the 26/ 27 th D e cemb e r
19 79 tw o -day rain fall d ep th w as no t u np re ce d en ted . R ain fa ll
to ta ls o n 9/ 10 th O c tob er 19 33 w e re o f s im i lar mag n i tude and
tho se on 2/ 3rd N ovembe r 19 3 1 w ere p erh ap s 10 p er cen t h ighe r .
H ow e ver , info rm ation to h an d ab ou t the temp o r al p r o fi le o f
r ain fall for th e N ovemb er 19 3 1 an d O c tob er 19 33 s to rm s w as
insu ffic ien t to m ak e d efini tive com p ar i son s .
Th e an te ceden t condi tion s in De cemb e r 1979 w er e fair ly
sev e re . It had b een a ver y w et and w i ndy m o n th , w ith a co ld
snap fr om 22 to 24 D ecemb er  wh i c h  le ft a sm a ll am ou n t o f snow
ly in g on th e upp er p ar t o f th e ca tchm en t and sem i - fro zen
g rou n d cond ition s wh ich p rob ab ly p er si s ted to 26 D e cem b er .
T ak ing th ese an te ced en t con d i tio n s in to ac coun t it
seem s re asonab le to asser t th at th e 26/ 27th D e cem b er 19 79
even t w a s prob ab ly the m o st sever e ev en t in the r eg ion
ar ising from p ro lon ged h e avy r ain fa ll s ince de tai le d ra in fal l
r e co rds b egan arou nd 19 20 . How ev er , in term s of f lood ing o n
th e N an t Rhyd-y -C ar , such a s ta tem en t i s lar g e ly irr elev an t .
Th e p eak f low from th e si te J ca tch men t is g en era lly du e to
\sh or t in tense s torm s and th e De cemb er 1979 e vent w as no tu ncom mon in th is re sp e ct .
Naf veri kE te
 12- wo-ccui-1.3
3 .4 FL OOD SYN THE SIS FO R T HE DE CEM BER 1979 EVEN T
O o n e e
F o llow ing th e p r incip le ou t line d in F lood S tu d ie s
C-Supp lem en tary R ep o r t N o . g --1 a flo o d h y d rogr ap h h as b een
con s tru c ted fo r the 26/ 2 7th De cem b er 19 79 ev en t . The
hy dro g rap h is i llu stra ted in F igu re 3 .3 and th e c a lcu lat ions
are g ive n in App end ix E . T h e flo od sy n th e s i s e.st im a te s th a t
th e p e ak f low to site J w as 3 .0 5 cum e cs , o ccu r ring a t ab ou t
1 1 .00 h r . on 27th De cemb er 19 79 .
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Th e syn thes is is b ased on a rain fa ll/ ru no f f m ode l
ca lib ra ted from catch men t ch a rac ter is ti cs (as op p o sed to
r e co rd ed rain fa ll and flow d a ta ) and is th e r e fore in ev i tab ly
u n cer tain . C omp arison w i th gau g ed re co rd s for the sam e ev en t
o n th e Rh ondd a doe s h ow ever s upp o r t th e b ro ad fe a tu r es o f th e
r econ s tru c tio n - n ame ly , th e prog ress ive r is e and th e m or e
r ap id de cay . Th e on e ob v iou s de fe ct i s th e failu r e o f the
m o de l to rep resen t fu lly th e in crea se in b a se flow (i .e . s low
r espo nse ru no ff ) th at is exp e cted in su ch an even t . How ev e r ,
th is is o f little sign i fican c e in term s o f p e ak f low .
Fro m F igure 3 .2 it is po ss ib le to r e ad o ff th e d es ign
r e tu r n p e riod co rre sp onding to a p eak flow o f 3 .0 5 cum e cs ;
i t is seen th a t th is is ab ou t a 5-ye ar even t comp are d w ith
th e 9 -y e ar even t for the r ain fa ll cau s ing i t . T h is con firm s
th e i n te rp re ta tion m ade in S e c tion 3 .3 th a t , in term s o f
p ro du cing h igh peak flow s in rap id ly r espo n d ing c a tchm en ts
su ch as th e N an t Rhyd-y -C ar , th e 26/ 27 th De cemb er 19 79 w a s
n o t a seve re even t . Th is th eo re tica l con clu sio n is qu a li fied
r
kn— SW -ttio n 3 .5 , wh ere p ar ticu lar imp li c atio n s o f a long du r a tion
i e ven t (e .g . fo r sed imen t tr an spo r t ) ar e co n s ider ed .
3 .5 IM PL ICA T IO N S O F T HE DE CEM BER 19 79 FLO O D AT S ITE J
L a te r in th is rep or t i t is ind i cated th at 20 500 cu .m
o f w a te r w as imp ound ed a t s ite J , p rio r to f ai lu r e o f th e
emb an kmen t a t ab ou t 13 .45 h r . on 2 7th D e cem b er 19 79 . F ro m
Se c tion 3 .4 and F igure 3 .3 i t is p o ssib le to e s tim a te th e
v o lum e o f runo ff to si te J up to th is tim e . Th e c a lcu la ted
v o lum e (App end ix F ) is 10 9 0 0 0 cu .m . W h i le th er e is som e
u n cer ta in ty in th e es tim ate s o f th e se tw o vo lum es - p ar ti cu lar ly
th e la tter - i t is clear th a t a v ery consid er ab le p ropo r tion of
th e flood runo f f h ad b een d is ch arg ed fr om s i te J p r io r to th e
emb ank m en t fai lu re .
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Th e imp oun d ed v o lu me o f 20 500 cu . m r epre sen ts o n ly
14 .3m m o f runo ff from th e ca tch men t . T hu s , if th e cu lver t
a t s i te J b e cam e sub s tan tia lly b lo cked , a re lativ e ly common
p lace s to rm cou ld h av e led to fai lu re o f th e emb ankm en t .
W i th reg ard to th e De cemb er 19 79 ev en t the impou ndm en t o f
20 500 cu . m p rior to 1 3 .45 h r . w ou ld b e exp lained i f th e
disch arge fr om site J w er e l im i te d to 1 .95 cu mecs . O n th is
b asis it wou ld ta k e n ear ly e igh t h ou r s for th is v o lume o f
w a ter to b e imp ou n ded . How ever , the d i sch arge th rough a
subm erged cu lv e r t w ou ld norm a lly b e exp e cted to in cr ease
app re ciab ly as th e lev e l of impou nd ed w a ter rises . In th e
ab sen ce o f a ny ev iden ce as to th e t ime and m anner in w h ich
impou nd ing o ccu rr ed - s ave on ly a q u a li ta tiv e accou n t th at
an app r eciab le r ise in d isch arg e w a s n o ted i n th e N ant Rhy d -
y- C ar dow n s tr eam o f si te J , an h ou r or so b e fore p ass age o f
th e "dam -b re ak " flood w av e - qua n ti tative a n a ly si s o f th e
flo o d at si te J can p ro ceed no fu r th er .
3 .6 A DD IT IONAL REM AR K S
1 2
Ta sk t "-._ CA^-
In so m e o f th e p ap ers s tu d ie d (e .g . P ara . 21 o f Pap er
10 ) , refer en ce is m ade to th e sati s fac tory p e rfo rm an ce o f th e
cu lv erit a t s ite R . G iven th e gen e r a lly goo d In tern al cond i tion
o f th e cu lve r t , i ts sa tis factory g r ad ie n t , a nd th e fac t th a t it
dr ains o n ly a p o r tio n of th e site J cat chm en t , th en th is app ears
to b e no su rp r ise . P erh aps th e ch ie f s im i larity b e tw e en th e
si te J an d s i te R cu lv er ts is th a t th ey b oth h ad an app r eciab le
emb ankmen t o verb u rd en and th erefore p re s en te d a p o ten tial
impou ndm en t r isk . Th is asp e ct o f M r . P erry 's p roo f (P aras .
4 .17 , 4 .2 2 and 4 .2 3 o f P ap er 13 ) ap p ear s to b e w e ll-fou nde d .
W i th r eg ard to th e sa fe de s ig n o f em b ankmen ts acros s
w a ter- cou rse s , on e p r a ctice - app ar en t ly r ec ommend ed in th e
N eth e r land s - is to p o si tion an au x i lia ry ar r ay o f simp le ,
sm a ller d iam e ter p ip es a t v ar iou s lev e ls in th e em b ankm en t .
Th is p rac tice r ecogn ize s th e imp lic i t d an ger o f re ly ing on
a single cu lv er t th a t m ig h t b ecom e b lo ck ed and le ad to w a te r
i mp o u n d me n t .  1 . H ow eve r , co s t imp lica t ion s are sub s tan tia l
an d it is a lso nec e ssary to p ro te c t th e dow n s tre am face o f




 1. Jansen P .P . (Ch ie f E d ito r ) P rinc ip les o f riv er
eng ineer ing : th e non - tid a l a llu via l riv er . P i tm an 19 79 .
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C HA P T ER 4
SA F E T Y G R IL L E
4 .1 M R  P E R R Y ' S  V IE W ON N E E D F OR SA F E T Y G R IL L E
M r M .A . P e r ry i n p ar ag rap h 3 .20 o f h i s r ep o r t d a te d
5 th M ay 19 8 3 s t a te s th a t  " n o n e  o f th e cu lv e r ts  
h ad g r i l le s on th e ir u p s tr e am en d s to a ss is t in th e
p r e v e n t i o n  o f b lo c k ag e ."
M r P e r ry th e n c o n s id e r s th e  ma i n t e n a n c e  o f g r i l le s
i n p a rag r aph s 4 .20 an d 4 .2 1 o f h i s r ep o r t . H e i n d i ca te s -
th a t th ey sh ou ld b e in sp e c te d "a t f a i r ly fr e q u en t i n te r v a ls
o f a few mo n t h s  a nd in p ar ti cu la r a t th e en d o f a p e r io d o f
d ry w ea th e r b e c au se th ey d o b eco m e b lo ck ed m o r e e a s i ly th a n
an op en  e n t r a n c e "  and th a t th e "im p or t an ce o f th e i r u s e i s
th a t th ey g r e a tly r e du c e th e p o s s ib i li ty o f a b lo ck ag e
in s id e a cu lv e r t ."
4 .2 G IB S 'S V IEW O N N E E D F O R SAF E TY G R IL L E
In o r d e r to g i v e c on s ider a t io n to w h e th er o r no t
s a fe ty g r i ll e s sh ou ld b e fi t ted to th e up s tr e am en d o f
cu lv e r t s th e ch ar a c te r i s t ic S of d e b r i s m o v em e n t an d
a c cu m u la tio n s o n th e s i te n e ed to b e ap p r e ci a ted .
T h e N a n t R h y d - y - C a r i s a s t e ep f a st f low ing s tr e am
w h i ch d r a i n s a m ix ed c a t ch m en t i n c lu d i ng ar e a s sub je ct t o
e x te n si v e d r i ft an d d e ep m i n i ng w i th w i d e sp r ea d tip p i ng
in fr i ng in g o n th e s tr e am i tse l f . I t i s r e l e v a n t to n o t e
th e co m m e n t s in S e c tio n 3 .1 re la t in g to th e e r os io n o f t h e
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b o ttom s o f th e tip s and th e resu lting v ar iou s deg re es o f
b ank s lipp ag e . T he se cond i tio ns w i ll r e su lt in a gr adu a l
m igra tion o f m a te r ia l from th e riv erb a nk s i n to th e stre am
and sub sequ en t ly tow ards d ow n stre am . Dow n s tream m ovem en ts
w ou ld b e t cce ] r a t3 du ring p eriod s o f h igh flow . Th is
ty p e o f r eg im e is ty p i ca l o f stre am s sub je c t to b ed mov em en t ,
th e fas ter th e f low th e large r th e m a te r i al w hich c an b e
moved . M a ter ia l m ig ra tion and v a ria tio n s in b ed leve l ar e
o f little co n seq u en ce in an op en s tre am . B ed p ro fi le s
freq uen tly ch ang e du ring p er iod s o f h igh flow and gener a lly
th e e ffe c t is on ly no ticed a t fea tu re s su ch as b r idge
f o u n d a t i o n s .
For re ason s connected w i th m in i ng , a c cess emb ankm e n ts
w er e tip p ed acro ss the stre am a t i n te rv a ls . The s tream w as
can a lised u nde r th e se emb ank m en ts i n cu lv er ts gener a lly ab ou t
1 .50 m in d iam e ter . Th ese cu lv er ts w o u ld norm ally b e requ ir ed
to p ass w a ter , h ar d b ed m ate r ia l , a nd d eb r is su ch as bu sh e s ,
grass an d sim i lar m atter stripp ed from th e b anks du ring sto rm s .
A lthou gh , as sta ted ab ove , th e r eg im e o f th i s typ e o f s tr e am
w ou ld invo lv e con s id er ab le b e d m a ter i a l tr an sp or t , the
v elo ci ty th rou gh the cu lver ts w ou ld g en er a lly en sure th a t
su ch m a ter ia l as en ter s them wou ld b e w ash ed through . Th is
is ev iden ced b y th e g enera l clean lin e s s o f th e cu lver t
b e tw een p o ints C and E , ev en th oug h i t is ob v iou s from the
cond i tio ns o f th e river b ed adjacen t to i ts in let th a t
app r eciab le q u an ti tie s o f b ed ma ter i a l ar e w a shed through .
Bu sh es an d o th e r f loa ting d eb r is le ss tha n ab ou t
1 .5m in d iam e te r w ou ld a lso b e w ash ed th rou gh . Shou ld a
g rille b e fixed to th e up s tre am en d s o f cu lve r ts th en any
• m a te ria l larger th an th e sp acing b e tw e en th e rods w ou ld
co lle ct ag ain st th em . If th e sp a cing b e tw e en th e rods , w as ,
for ex amp le , 150m m th en a ll b ed m a te r i a l g re a ter th an th a t
s ize and b u sh es , p ie ces o f t imb er e t c . w ou ld a ll co llect
ag ainst th em . B s soon as th is h app e n s th e sm a ller m a ter ial
up stream w ou ld a lso accum ula te ag a in s t i t an d lo c ally r aise
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the stream b ed , w h ich w ou ld increase th e r isk of b lo ck ing
the cu lver ts .
A lso , i llic i t dump ing of ru bb ish w i th in th e ca tch men t
is an im por tan t fa c tor . Whe n G ib b v is i ted th e s i te on 12th
F eb ru ary 19 86 , sev e r a l supe rm ark e t tro l ley s w ere dum p ed in
the w a te rcou rse d ow n st re am o f th e cu lv e r t a t po in t C . M r
R ich ard M i les h as i nd i cated in h is rep o r t d a ted 19 th O ctob er
198 3 th a t fo r th e p er iod 19 76 to 19 8 1 h e h ad to d ea l on a
r egu lar b as is w i th tre sp a sser s on th e s i te "i n th e sh ape o f
gyp sies camp in g on th e si te , peop le try ing to ste a l co a l
u t o f th e h e ap s o n th e s ite and p e op le dump ing r efu se ."
Due to th e ch ar ac ter is tics o f th e p ar ticu lar s tr eam
in q uestio n , an y cu lve r t on i t sh ou ld b e cap ab le o f p erm i t ting
th e fo llow ing to p a ss th rough i t .
(i) W ate r
(ii ) H ard b e d m a ter ial
(iii ) Deb r is su ch as bu sh e s and gr a s s
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Any h ind er an ce in perm itt ing th e cu lv e r t to p er form
th e above fu n c tion s cou ld r esu lt in an imp ou n ding o f w a ter .
C er tainly a gr i lle w ou ld imp ede th e fre e p ass age o f h ard b ed
m a te r ia l and d eb ri s su ch as bu sh e s a nd g rass . In th is re sp e c t
M r P erry 's s ta tem en t th at the fi tti ng o f gr i l les a t th e
up s tream o f th e cu lv er ts to assis t in th e p r eventio n o f b lo ck age
ca nno t b e supp o r te d . In fact , G ibb ar e o f th e v iew th a t th e
con tr ary w i ll b e th e case . Th is is p ar ticu lar ly .ev iden ced b y :
Th e cu lv er t b etwe en p o in ts C and E no t b e co m ing
b lo ck ed de sp ite carry ing a g re a t de a l o f deb r is
and b ed m ater ial th rou gh i t o n th e flood f low .
(ii ) Th e f ac t th a t th e deb ris w as Cau gh t
• b y th e foo tb rid ge b e low p o in t C wh ich acted
as an ob s tru ction to th e flo w o f th e w ater
and th is in e ffec t d iv er ted m o re w a ter in to
th e Rh yd -y -Car co t tag es .
M r P erry 's v iew th a t cu lv e r ts fitted w ith g r i lles "d o b e com e
b lo cked mo r e ea si ly th an an op en en tr ance " is ac cep ted and
ind eed endo rsed .
A lso M r Per ry 's s ta tem en t th a t a cu lv er t f i tte d w ith a gr i lle
a t i ts up s tr eam end w i ll gr e a tly redu ce the p o s sib i l i ty o f
b lo ck age in side th e cu lve r t is su pp o r ted b u t M r Per ry h as th en
no t gon e on to s ay th a t th er e w ou ld b e a mu ch g r eate r in crease
in th e risk o f b lo ck a ge a t th e cu lv er t en tr an ce .
Th e on ly ins tan ces wh e re G ibb wou ld r ecomm end th e f i tting o f
s afe ty gri lles are as fo llow s :-
(i ) Wh er e i t is ne cess ary to p r eve n t acce ss
in to o r th rough th e cu lv e r t b y u n au th orised
p eop le or s tr ay anim a ls .
(ii ) I t is co ns ider ed a d ang er to a llow ac ce ss .
(i ii ) I t is e ssen tia l to p r even t p eop le b e ing sw ep t
in to th e .cu lv er t du ring th e floo d con d i tion s .
(iv ) T o p r even t ob je cts wh ich co u ld d am age p lan t
im m ed i a te ly dow n s tr e am o f th e cu lv e r t b eing
c arr ie d th rou gh th e cu lv er .
(v ) I f th e r e w as a h is tory o f freq u en t b lo ck age s
o f th e cu lv e r t .
N on e o f th e ab ove cas e s can b e str ic tly ap p lie d to th e Rhy d-
y -C ar si tu a tio n .
In sh or t , G ibb ar e o f th e v iew th at th e f it tin g o f g r illes to
th e up s tre am o f th e cu lv e r ts o n th e Rh yd-y -C ar s ite w ou ld
in crease th e r isk o f b lo ck age .
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CH A PT E R 5
F LO O D R OU T ING
5 .1 . S CO P E O F T H IS CHA P T E R
T h i s ch ap t e r e x am in e s th e e f fe c t o f th e ou tp o u r i n g
o f th e im p o u n d e d w a te r fr om th e b l o ck e d cu lv e r t a t J .
In p a r ti cu la r , a n a s s e s s me n t o f th e ca p aci ty o f
th e w a te r cou r s e d ow n s tr ea m o f th e b lo ck e d cu lv er t a t J
i s m a d e so a s to d e te rm i n e i f i t c ou ld c on ta i n th e ou tp o u r i n g
w a te r .
5 .2 . S TR EA M B E T W E E N PO IN T S J A N D •E .
T h e m o d e o f fai lu r e o f th e em b a n k m en t a t J i s u n k now n
a n d i t i s th e r e fo r e no t p o s s ib l e to e v a lu a te th e p e ak .f low
r e su l ti n g fr om th e 'd am b r e ak ' .
F r om th e r ep o r ts p re p ar ed b y M r . R .A . C rid d le i t ca n
b e c o n c lu d ed th a t th e w a te r ou tp ou re d i n a v er y sh o r t s p ac e
o f t im e an d c om p le te ly ov e rw h e lm e d a l l th a t w a s i n i ts p a th
b e tw e en p o in t s J a nd E . Som e o f th e ou tp ou r i ng w a ter f low e d
d ow n an o ld r a i lw ay cu tt i ng to u l t im a te ly en t e r th e R iv e r T a f f
v i a th e R hy d - y - C a r p lay in g f i e ld s . Th e r em a i n der o f th e w a t e r
w a s la r g e ly c on t a in e d b y th e e m b a nk m en t th ro u gh w h i ch th e
cu lv e r t b e tw e e n p o in ts C an d E p a s se s . O n ly a sm a ll a m ou n t
o v e r top p ed th e em b ankm en t . W i th a k n ow le dg e o f th e p r o b ab le
m a x im u m w a te r lev e l u p st r e am o f th e cu lv e r t , ob ta i ne d fr om
d eb r i s lin e s a nd th e g en e r a l to p o g r ap h y , a n a s se s sm e n t c a n b e
m a d e o f th e m ax imu m d i s ch a r g e th r o u g h .t h e cu lv er t b e tw e e n p o i n ts
C an d E .
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5 .3 CA P A C IT Y O F C U LV ER T BE T W E EN P O IN T S C A N D E
T h e c ap a c i ty o f th e cu lv e r t b e tw e e n p o in ts C and E
h a s b ee n e v a lu a te d b y u s i ng M ann in g 's f o rm u la .
AQ = R 2/ 3 S f 12
W h e r e : Q . d is ch arg e (cu m e c s )
= h y d r au li c m e an d e p th
S f = h y d r au li c g r ad i e n t
A = a re a o f f lo w
= M ann ing 's co e f f i ci e n t
T h i s cu lv e r t i s 1 .5 m e tr e s d i am e te r a n d i s o f b r i ck
an d s ton e c o n s tr u c t io n . I t is co n s id e r e d th a t an ap p r op r i a te
v a lu e o f 'n ' fo r th e cu lv er t in i ts p r e s e n t c o nd i tion i s 0 .0 17
b u t a p a r am e tr i c s tu dy h as b e en ca r r ie d ou t t o n o te th e
d i f fe ren ce in d i s ch a rg e for v a lu e s o f 0,0 1 5 a n d 0 .0 12
0 0 /0T h e low e r th e v a lu e o f 'n ', the g r ea te r i s th e d i s ch ar g e
s i n ce i t as su m e s low e r fr ic t ion . C on v e r s e ly , th e h igh e r
th e v a lu e o f 'n ' , th e low er i s th e  d i s c h a r g e .  A n 'n ' v a lu e
o f 0 .0 15 h a s b e e n s e l e c te d to ev a lu a te th e p e ak d i s ch a rg e
th rou gh th e cu lv e r t s i n c e i t w i l l p r od u c e a m or e o n e r ou s
c on d i tio n d ow n s t r e am o f th e cu lv e r t .
F igu r e 5 .1 i nd i ca te s th e d i s ch a r g e c ap a ci ty o f th e f- f r
cu lv er t fo r d i f fe r e n t d ep th s o f w a te r a t i n le t a n d a lso B Y\I
i nd ica te s th e e f fe c t on th e d isch ar g e b y v a r y ing th e v a lu e  C h a nil i Et ?
o f 'n '. T h e r e su l ts sh ow n in F ig u re 5 .1 m u s t b e regarded
a s b e s t e s t im a te s s i n ce i t i s n o t p o s s ib le to v e r i fy th em
b y g au g i ng th e f low i n th e cu lv er t . T h e p e ak f low th ro u g h
th e cu lv e r t i s e s t i m a te d to b e 20 .8 cu m e c s .
5 .4 Q U AN T IT IE S O F W A TER























VA RIA T ION
S\I cE5)S 09) fi -ckNzi-
0
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
ç r r1 ré
k irte(2.6
O F FLOW RAT E WI T H DEPT H O F WAT ER AT I NLET4
F I GURE 5 . 1
th e s i te o f th e f lo o d i n g in c ide n t w h i c h w a s c a r r ie d ou t b y
th em w i th in a few w e ek s o f th e in c id en t , su f fi c ien t i n fo r m a ti o n
i s av a i l ab l e t o a s s e ss th e vo lu me o f th e w a te r imp ou nd e d a t J .
T h is h a s b e en c a lc u la te d to b e 20 50 0 c u .m b y tak i ng th e d eb r i s
li ne a s th e to p w a te r lev e l 20 3 .7 5m . T h i s v o lum e is
s ign i fi c an t ly le s s th a n th e figu r e o f 28 0 0 0 cu .m e s tim a te d
b y M r . H u g h P ay n e for a top w a te r lev e l o f 20 3 .5m . Ho w m u ch
o f th is w a te r w a s co n t a ine d b y th e cu lv er t b e tw ee n p o in ts C
an d E c a nn o t b e e s t im a ted ac cu r a te ly b e c au se o f th e u n k n ow n
p rop o r ti o n w h i ch f low e d d ow n th e o ld r a i lw ay cu t ti ng .
N e v er th e le s s , i t w a s no te d from M r . A .A . C r i d d le 's r ep o r t th a t
the w a te r le v e l i n th e w a te rco u r se do w n s tr e a m o f th i s p a r t icu lar
cu lv e r t su b s i d e d a f te r ab o u t 20 m i nu te s . T h i s w o u ld su g g e s t
th a t th e q u a n t i ty o f w a te r w h ich f low e d th r o u g h th e cu lv e r t
w a s db o u t 1 5 0 00 cu .m . In o th e r w o r d s ab o u t 5 50 0 cu .m f low e d
d ow n th e o ld r a i lw ay cu t ti ng . H o w e v e r , th e e x a c t tim e a r 31—
le s s s ig n i fi c an c e th a n th e e s tim a te d m ax i m u m d is ch arg e o f
20 .8 cu m e c s .
5 .5 CA P A C IT Y O F W A T E R C OU R SE D OW N S TR E A M OF CU LV ER T A T
P O IN T C
A n as s e s s m e n t o f th e c ap a c i ty o f th e w a te r cou r se d ow n -
s tr e am o f th e cu lv e r t b e tw ee n p o i n ts C a n d E h a s b e en m a d e .
T h e len g th o f th e w a te r cou r se ex am i n e d is i ll u s tr a ted i n
F ig u re 5 .2 .
T h e d e t ai l s o f th e w a ter co u r s e u s e d i n th e a sse s s m e n t
h av e b e e n t ak e n fr om th e top o gr ap h i c a l su r v e y c ar r ied o u t b y
th e N C B d u r i n g th e fir s t w eek o f J an u ary 19 8 0 . Th e an a ly s i s
h as b e en c ar r ie d ou t u s i ng M a nn i ng 's fo rm u la .
O n N C B d r aw in g 0 70 7 5 55 ar e r e co r d ed th e d ep th s o f w a te r
in th e w a te r c ou r s e b e tw ee n th e fo o tb r id g e o v er th e s tr e am a t
th e W e s t e n d o f R h y d -y -C ar co tt ag e s and th e cu lv e r t ou t le t a t




T BLE SH WIN
P CITY F WATERCOURSE
•
CAPACITY GREATER THAN 25 CUMECS
CAPACITY 23 CUMECS
0 FOOTBRIDGE – CAPACITY 13 CUMECS
•
CAPACITY 10 CUMECS




10 0 20 40 60 80 100
METRES
2
POINTS IDENTIFIED  
IN MR R.A. [ RIDDLES REPORT
A . 2 Nr 800mm DIAMETER PIPES
C. OUTLET OF 1.5 M DIAMETER CULVERT
E. ENTRANCE OF 1.5 M DIAMETEP CULVERT
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FIGURE 5-2
co ndi tion s assum e d . F igu re 5 .3 i llu s tr ate s th e re la tion sh ip
-, b e tw een the n v a lue s I or th e cu lv e r t and th e stre am to p rodu ceV
ih e-m e asu red dep th . V aria tion o f th e d ep th of w a ter a t th e
en tr an ce to th e cu lv er t and hen ce th e flow ra te h as li ttle
e f fe c t on th is r e la tion sh ip . I t is ev iden t from th e ana ly s is
th a t th e w a ter cou rse up s tream o f th e foo tb ridge w as cap ab le
o f accom mo d a ting th e p eak d is ch arg e . Th e capaci ty redu ced
a t th e foo tb r id g e w he re it is ca lcu la ted th a t a m ax im um o f
13 .3 cum e cs cou ld b e safe ly con tai ned i f th e waterw ay w as
o th erw ise u nob s tru cted b y up r oo ted b u sh es and oth er d eb ris
w i th the re st (7 .5 cu mecs ) over flow ing .
In su ffi cie n t in fo rma tion su rv iv e s to check if th e
o ver flow d is ch ar ge o f 7 .5 cumec s w o u ld h av e caused dep th s
o f flow s in th e p assag ew ay ad jace n t to th e co ttag es o f 5 '0 "
(1 .525 m e tr es ) as rep or ted by M r . R .A . C ridd le . /t is
ev ident from p h o togr aph s taken shc r tly a fte r the even t th a t
deb ris p ar ti a lly b lo cked th e fr ee f low o f w a ter und er th e
foo tb rid g e w h ich e ffe ctive ly ac ted as a d am to div er t f low
app re ciab ly gre a ter th an 7 .5 cu m e cs in to Rhy d-y-C ar co t tag es
w i th trag ic re su l ts . Th e flood ing m igh t h ave b een s ig ni fic an tly
less i f th e foo tb r idg e h ad no t ex i s ted .
Fu r th er dow n stream o f th e foo tb r idg e the cap aci ty o f
th e w a ter cou rse h as b een assessed a t 6 .0 cum e cs and ov er top p i ng
of th e b ank s o f th e stre am m ay h ave o ccu rred h ere . I t is n o t
p o ssib le to as ce r tain th e p e ak flow dow n stre am o f the foo tb r idg e
d ue to th e p ar tia l b lo ck age o f th e w a ter cou rse a t th is p o i nt .
F igur e 5 .2 show s v ery clear ly th at th e stre am carry in g
cap ac ity up s tre am o f the foo tb r id ge is v ery mu ch g re a te r th a n
i ts cap ac i ty, dow n stre am o f th e foo tb r id ge . A s far as can b e
judg ed th is w as n o t a lw ay s th e case . F or in stan ce wh er ea s a t
pr esen t th e tru nk w a ter m ain s a t p o in t A are only a m at ter o f
in che s ab ove th e stre am b ed , it w as ap p aren tly po ssib le a t o n e
tim e to w a lk un de r th em w i th ou t s toop i ng . Downstream o f p o i nt
A o n F igu r e 5 .2 th e s tream f low s i n a con crete-lined ch anne l
b e fo re p ass ing u n der th e p lay ing fie lds in a 750mm di am ete r
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FI GURE 5 . 3
p lay i ng fie ld s , a w e i r w a s co ns tr u c te d i n th e con c r e te - l i ne d
c h an n e l . Th i s w e ir h ad th e e f fe c t o f r ai s i ng th e s tre a m
b ed le v e l up s tr e am o f i t . T h e e f fe c ts o f th is r a i s ing
e x ten de d w e l l up s tr e am b e c au s e b e d m a te r i a l ad op ts i ts
n a tu r a l f low - re l a ted g r ad ie n t . I t i s th e o b v iou s r e a so n
fo r th e r a i sed b ed u n de r th e tr u n k m a in s a n d i ts e f fe c t
co u ld h av e r ed u c e d th e s tr eam a r e a u nd er th e foo tb r id g e .
T h i s w ou ld e xp la i n w h y th e s t re am a t th e fo o tb ri dg e o n ly h ad
a c ap a c i ty o f 13 .3 cu m e c s co m p a re d w i th a t le as t 2 3 cu m e cs
u p s t r e am as fa r a s th e cu lv e r t ex i t a t C . I f th i s is th e
c a s e th e n th e e f fe c ts o f th e w e i r mu s t b e co n s id er e d as
c on t r ib u t ing t o th e e x t en t o f th e f lo o d in g .
5 .6 E F F E CT IF EM BA N K M E N T A T J D ID N O T E X I ST
I f th e emb a nk m en t a t J d id no t ex i s t a t th e tim e
o f th e r a in fa ll ev e n t o f 26 / 2 7th D e cem b e r 19 79 th e r e w o u ld
n o t h a v e b e e n an imp ou n d i ng o f w a te r . /In s te ad , th e w a te r cou r se w ou ld h av e h ad to a c com m o d a t e
a p e ak flow o f 3 .0 5 cu m e c s .
I f th is w e r e th e c a s e , th en su ch a p e ak f low w ou ld
h a ve b ee n s a fe ly a cc om m o d a ted in th e w a te r c ou r se e x c ep t/ at
p o i n t A w h e r e th e tru n k w a t e r m a i n s ob s tru c t th e s tr eam .
H e r e th e r e w ou ld h av e b e e n l o ca l f lo o d i ng .
TOP" oLft
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C HA P T E R 6
R E SP O N S IB IL IT Y F O R M A IN TEN AN CE O F CU LV E R T A T J
6 .1 INTRO DU C T IO N .
C
 
A t th e m e e ti n g h e l d w i th th e N C B in th e i r Ab e r am an
o f f i ce s on 18 th F eb ru ary 19 8 6 i t em e r g e d th a t th e N C B h ad to
m ak e an ap p lic a tio n to th e H ighw ay A u th or i ty i n th e 19 6 0 's to
"s top up " th e r o ad w h i ch p a s s ed ov e r th e emb a n k m e nt a t J .
I f th e th e n H ig hw ay A u th o r i ty h a d m a in ta n i ned th e r o adw ay ,
w h i ch led to C o l li e r s R o w , th e n i t w a s p r ob ab ly a 'h ig hw ay ,
m ai n t ai nab le a t th e p u b lic exp e n se ' . I f th is w a s th e c as e th e
H ig h w ay Au th ro i ty m a y h av e a lso b e e n r e sp o n s ib l e fo r th e
m a i n ten a n ce o f th e em b a n k m e n t . A n y s l ip p a g e f r o m th o se
e mb an km e n ts cou ld h av e a f fe c ted th e cu lv e r t .
6 .2 . ENQU IR IE S M A DE T O DE T E RM IN E T H E S T A T U S O F T HE R O A D
Th e p r e se n t H ig h w ay A u tho r i ty is M id G l am o r g a n C o u n ty
C o u n c i l b u t p r i o r to th e lo ca l g o v e r nm en t r eo r g a n is a t ion i n
1974 th e fo rm e r C o u n ty B o ro u gh o f M er th y r T y d f i l w e r e th e
H igh w ay Au th o r i ty .
G ib b m a d e en q u i r ie s w i th M id G lam o r g a n C o u n ty C ou n c i l
w h i ch r ev e a le d th a t v e ry few r e co rd s su rv iv ed fro m th e C o u n ty
B or ou gh . H ow e v e r , th e C o u n ty C o u n ci l p u r su ed th e m a tte r
th r ou gh i n te r n a l d i s cu s s i o n s an d con c lu de d th a t th e r e d oe s
se em to b e an op in io n w i th i n th e C ou n ty C o u n c i l th a t th e
h ig hw ay w as m a i n t a in ab le a t th e p u b l ic ex p e n s e .
How ev e r , in o r d e r to g i v e a d e fi n i ti v e r e sp on se t o
th i s m a tte r , th e C ou n ty C ou n c i l i nd i c a te d th a t th is b e
p u r su ed th rou g h th e C o u n ty So l i c ito r .
Th is m a tt e r h a s n o t b e en p u r su e d fu r th e r b y G ib b .
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CHAPTER 7 .
CON CLU SION S
Th e study w h ich ha s been u nder tak en to ex am ine the
cau se and e f fe c t o f the flooding in ciden t a t R h y d-y -C ar
h a s i nd ica ted th e follow ing ;
(i ) T he p ro long ed h e avy r a in fa ll of 26 th and
27 th De cemb e r 19 79 g av e r is e to severe
f looding o f ma in r ive r s in the r eg ion .
A n a naly sis of r ain fa ll d a ta and comp ari son s
w i th his torica l ev en ts supp o rt th e v iew
th a t th e De cem b er 19 79 flo o d s we r e p o ssib ly
the w ors t th is C en tu ry . M o s t o f the 2-
d ay r ain dep th fe ll in a 16 -hour p er iod
and , for th is dur a tion , the retu rn p er io d
o f ra infall w as a s ses se d a t 155 y e ars .
(ii ) H ow ever , th e ca tch m en t to si te J - wh e re
the catas troph i c emb a nkmen t failu re
o ccu rred - is qu i ck ly r espo nding and
ther efor e gener al ly sen si tiv e to sh or t
du ra tion , h igh in tens i ty s torms . The 26 th
and 27th De cemb e r 19 79 stor m did no t i nc lu d e
sho r t du rat ion r ai n fa lls o f excep tion a l s ev er ity .
R econ stru ct ion o f th e f lo od hyd rog rap h to
si te J (us ing a r ain f a ll/ ru no ff m o del )
y ie ld ed a p eak flow e s tim a te of 3 .0 5
cume cs corr esp o nd i ng to a f lood p eak r etu rn
p er iod o f ab ou t 5 y e ar s .
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(iii ) G iven the apparen t lack o f any r eg u lar
f lo od ing p rob lem from the N a nt R hy d -y -
C ar , the De cem b e r 19 79 eve n t w ou ld no t
h ave b een exp ec ted to p rodu ce p r ob lem s ,
e i the r at si te J or d ow ns tr ea . It is
e re fo re conc u ed— t h-ar th e catas trop h e
aro se from a m alfu nc tion o f th e dr ain age
sy stem ra th er th an de s ign ex ceed an ce .
(v )
(iv ) Th e v olum e imp ou nd ed a t s it e J w as
ca lcu late d to be 20 50 0 cu . m , r ep r ese n tin g
abou t 20 p er cen t o f th e es tim ated to tal
runo f f to s ite J p r ior to fa i lu r e o f the
emb ankm en t . It is th e re for e con c lu ded th a t
th e si te J cu lver t m u s t hav e fu n c tione d
adequ ately dur ing th e ear ly p ar t o f th e
ev en t , be for e b e com ing sub s tan ti a lly o r
to ta lly b lo cked . Th e im pou nded v g lu me o f
20 50 0 cu .m prob ab ly b u i lt u p ov er a p e riod
o f a few h ou rs , th e p o nd ing comm en ci ng som e
tim e b e tw een ab ou t 0 5 .00 an d 11 .45 . G iven
th e p ro lo nged he avy ra in fa l l and . th e f airly
remo te lo ca tion it is n o t su rp ris ing th at
th e b u i ld -u p o f w ater w as n o t rep or ted .
r When th e emb ankmen t w a s b re a ched it is
es tim a ted th at ab ou t 5 500 cu .m flow ed down
th e o ld r ai lw ay cu ttin g and 15 000 cu .m .
th rough th e cu lv er t b e tw een p o in ts C a nd E .
Th e p e ak flow throu gh th e cu lv er t b etw een
p o in ts C and E h as b ee n es tim a ted to b e
20 .8 cu me cs .
(v i ) Th e cap aci ty o f th e w a ter cou r se b e tw ee n th e
ou tle t o f th e cu lv ert a t p o in t C and th e
foo tb ridge w as adeq u ate to con tain th e peak
flow .
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(v ii i ) I t is p rob ab le th a t th e leve l o f the s tr eam
b ed u nder th e foo tb r idg e and a t a ll p o i n ts
dow ns tream w as raised du e to th e e ffe c ts o f
a w eir cons tru c ted i n th e con cr e te - lined
s tream ch anne l ad jacen t to th e p oin t a t w h ich
th e s tre am is cu lve r ted u nder th e p lay ing
field s .
(ix ) Th e p eak flow s dow n s tr e am of th e foo tb r id ge
are un certain . How ever , th e r edu ced s tre am
ch ann el capaci ty , p ar ticu lar ly a t po in t 5
on F igu r e 5 .2 . a nd a t p o in t A w here th e trunk
w a ter m ains cro ssed th e ch ann e l w ou ld h av e
h ad a sign ifica n t e ffe ct in cau sing w a te r
to over top th e b ank s or p r ev e n ting f low s
d iver ted fur th er up s tre am from r etu rning to
th e m ain channe l . E i th er effe c t co u ld h av e
aggrav ated floo d ing .
(x ) It h as b een sug g es ted th a t th e impou nd ing
o f th e w a ter m ay n o t h av e occu rred i f a
sa fety g ri lle w as fi tted to th e inle t o f the
cu lv er t at J . I t is con s idered th a t any
gr ille or oth e r fo rm o f ob stru ction a t o r
im mediate ly up s tre am o f th e en tr ance to  a
cu lv er t in a s tr eam sub je c t to b ed m ater i a l
m ovemen t or on e wh ich car r ies floa ting deb r is
wo u ld in cr ea se th e p o ten tia l to ob stru c t the
flow into th e cu lv er t .
T he cap ac ity o f th e s tre am ch annel u nde r
the foo tb ridge wou ld h ave bee n insu ffic ient
to contain the p eak flow even  i f  i t h ad b een
u nob struc ted by s to rm - induced deb ris . W i tho u t
the fu r th e r ob s tru c tio n o f the floa ting d eb r is
the flo od in g o f th e co t tages m igh t h ave b een
s igni ficant ly le ss .
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" '" 10 SWAG 352/GW
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Sir Alexander Gibb and Partners ,
Consultant Engineers ,
124 Cathedral Road ,
CARDIFF.
For the attention of Dr . D . W . Reed
Dear Sirs ,
Mr. G . Watkins
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The Board are turrently defending an action for personal injuries by the
above mentioned Peter Davies and his minor daughter , Nichola Davies . The
action arises out of a flooding incident which occured at their home at
Rhyd-y-Car, Merthyr Tydfil in December 1979 .
Mr . John Roch , QC , has recommended that the Board seek a report from you
dealing with certain aspects of the flooding Incident with a view to your
giving expert evidence at the trial on behalf of the defenden ts.
Briefly , you will recall the widespread flooding which occured in South
Wales in the few days following the Christmas of 1979 . The plaintiff in
this case lived at Rhyd-y-Car Cottages, which are a row of terraced
houses adjacent to the  Co l l i ejt OrRow Open Cast site (the term "Open Cast"
is something of a misnoma . The land was acquired by the Board 's Open
Cast Executive with a view to commencing Open Cast operations but in fact
permission to work the site was refused following the public enquiry in
1970). There are a large number of culverts on the site and one of these
culverts either collapsed , became blocked , or failed to accommodate the
volume of water , with the result that an old railway embankment above the
culvert was swept away by a build-up of water and the force of water thus
released flooded (amongst other things ) the plaintiff 's house . Neither of
the plaintiffs suffered physical injury but they both claim to have suffered
psychiatric damage as a result of the traumatic experience .
Mr . Hugh Payne , formerly of Sir Williams Halcrow and Partners , had been engaged
by the Board to inVestigate the security of the old dis-used tips of the
Colliery Row site , some months before the flooding incident/ occured .
Subsequently , Mr . Payne was engaged by the Board as an expert witness in
relation to this litigation and has prepared a report which has been disclosed
to the other side.
Cont 'd
Counsel is perfectly happy with Mr . Payne 's report but for various reasons
considers that the expert evidence requires further consideration and
strengthening in certain respects — particulartly with regard to the question
of whether the culvert should have been fitted with a grill.
I hope that you will be able to undertake this assignment on behalf of the
Board . Your investigations will involve the perusal of a considerable
quantity of paperwork , including the re orts of Mr . Payne and the plaintiff 's
engineer and the Board 's various of evidence. No doubt you would
also wish to visit the scene of the incident and possibly to interview the
Board 's Open Cast officials who were involved with the site .
If you are able to act in this matter I will write to you further with full
and detailed instructions and papers .
I look forward to hearing from you as soon as possible.
Yours faithfully ,
R . Williams
Solicitor (South Wales )
c . c . In s t itu t e of Hy dr o lo gy f . a . o . Dr . A . De bn e y
De ar Sir ,
Hea d Of fice
File 84712F  
Chr on
Nation al Coed Boa r d ,
Le gal Depar tmen t ,
Coal Hou s e ,




For th e at t en t ion o f mr . It . Williams
You r s fa it h fully ,
' Ui t c
M. LI. CHAPMAN
Res iden t tte r es on ta t ive
847121'/ M. 2407
3r d Sep t embe r , 1985
P N DAVIES v . N . C . B .
LOUDING AT RH YD- - CAR MER T HYR T YDFIL DECEMBER l at il t
T h an k you for you r le t t e r r e fere n ce S WAG 352 / GE d ate d 30t h Augu s t 1985 ,
In v it ing us to ac t as an e xp er t wi tn es s in t he abov e cau s e .
We sh al l be mos t p le ase d to as sis t you in t hi s mat te r . As d is cu s s e d be t we e n
t he wr it e r an d Mr . Br y n Lloyd , we be liev e t h a t t h er e ar e t wo as pec t s to t he
st u dy as follows :
(1) an as se s s men t of r u n - off f rom t he s it e i . e . t h e h y dr o lo g y
of t he s i t e
Oft on ana ly sis of th e c ulver t s se r v in g th e si te i . e . t he
h y dr aulic s of th e cu lver t s
T he typo of wor k en v is a ge d ap pea r s to be ve r y s imi la r to t ha t don e b y us in
p r e p ar a t ion for th e for th co min g Clam an t Sit e Pu blic Inq uir y . We ha ve con tac te d
th e I ns t itu t e o f Hy dr ology an d we wer e giv en to un d er s t an d th a t Dr . Dunc an
Re e d will be p le as e d to ca r r y ou t the wor k not ed in (I)  above .  I t is
p r opos ed t hat U . U . Chap man wil l car r y ou t th e wor k not e d in ( 0 ) a bove .
We look for war d t o he ar in g fro m you in or d er t h a t a mee tin g ca n be ar r an ge d
to disc us s t h e wor k an d you r p r op os e u p r o gr amme .
APPENDIX B
NCB letter ref SWAG 3521GW dated
16 Decemb er 1985
I ow ner:  SWAG 352 /GW
When call ing  or  telephoning, please ask  for Mr . G . Wa tkin s
R. W I L L IA MS
Solici tor
Your Ra :  8 4 7 l 2 F / M 2 4 0 7
16th Decembe r 1985
•
S ir . A lexande r G ibb & Partners ,
I Consu lting Eng inee rs7
1) 124 Ca thed ra l Road ,
Ca rd iffI CF1 9LO
Dear S irs ,
NAT IONA L COA L BOA RD
Legal D epartm ent
SO U T H W A LES O FFIC E
COA L HOUSE
T Y-GL AS A VEN UE
L LA N ISHEN , CA RD IFF
CF I SYS
Telephone: CA RDIFF (0222) 753232
Tele i : 882161 C 13/ 10 0 G
re : P . & N . Dav ie s v . Na tiona l Co al Boad
Flood in a t Rh d- -C ar , Me rth r Tydfil - Decembe r 1979
t33  a ir tt*N .,
2 0 DEC1985
I re fer to you r le tte r da ted 3rd Sep tembe r 1985 and I apo log ise fo r
the de lay in rep ly ing .
This is qu ite a comp lex ma tte r w ith a leng thy and to rtuou s h isto ry .
In the c ircum s tances I th ink tha t I can do no be tte r th an to enc lose
a copy of th e In stru ction s wh ich I recen tly p repa red fo r a con fe rence
w ith Coun sel , toge th er w ith a copy of Counsel 's w ri tten Op in ion .
The In s tru c tion s and the Op in ion do o f cou rse re fe r. to o the r
ma tte rs o th er than th e liab ility issues w ith wh ich you w ill be
: dealing , such as Med ica l Repo rts and the po ten tia l valu e o f the
- c laim s . So fa r as the Instruc tion s are conce rned I wou ld re fe r you
to parag raphs 1 - 34 (inclu sive ) and in the Op in ion I w ou ld refe r
you to pa rag ra phs 1 - 56 (inc lu siv e ).
You w ill no te tha t on the fron t o f the In stru ction s to Counse l
there a re lis ted a numbe r o f enc lo su re s wh ich w e re sen t w ith an d
re fe rred to in the In struc tions . I enc lose cop ie s of the fo llow in g
item numbe rs , follow ing the same numbe ring sequence as u sed in
the Ins tru c tio n s :
Enclosu res 1 , 9 - 19 (in clu sive ), 21 - 26 (inclu sive ) and 29 .
Therte a re a t p re sen t on ly one se t of the pho tog raph s a t enclo su re 7 ,
an d I am a rrang ing fo r the Boa rd 's Opencast Execu tive to have fu rther
sets p repa red . A s soon as these a re re ady I w ill le t you have a
set o f these pho tog raphs toge the r w ith a copy of th e lis t o f pho to g raph s
a t enc lo su re 8 .
Yo U wi l l  see from the en clo su res that th e Boa rd has already ob ta in ed
an Expe rt 's Repo rt from M r . Hugh Payne . M r . Pay ne was fo rmerly
emp loyed by S ir W illiam Halc row an d Pa r tne rs an d is now em p loyed by
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the Welsh Office. Mr .Payne 's report is favourable to the Board . however
Mr.Payne himse lf is in a somewhat unusual pos ition . In his capac ity
as an engineer emp loy ed by S ir . W illiam Balcrow & Partners he was engaged
by the Board to carry out a survey of the tipi in question , some months
be fore the flooding occurred. As  he persona lly v isited the area sometime
before the flooding he is  t h er e f or e  a witness of mixed fact and expertise.
C ounsel fee l that the Board 's position w ill be strengthened if we can
produce further expert evidence, from an expert who is not also involved
in the case as a w itness of fact which supports the find ings of Mr • Payne .
The first part of y our Brie f  therefore is to cover the ground which has
already been covered by Mr. Payne and to come to your ow n independent
conclus ion as to whether or not you can support Mr . Payne 's findings and
op inions , highlight ing in particular points of disagreement between
yourselves and Mr, Payne . As part of this exercise you w ill no doubt also
be cons idering and commenting upon the Report of the Plaintiff's Eng ineer
Mr, M.A. Perry,
For the second part of your Brief I would refer you to paragraphs 35 , 46
48 , 49, 50 , 51 and 52 of the Instructions to C ounsel. You w ill see from
these paragraphs that in Counsel's view the vital question in the case is
whether the culvert in quest ion should have been protected by a gr ill.
I would therefore ask you to consider th is Question carefully as if the
Board are to defend this claim successfully we will have to be in a
pos ition to produce convincing expert ev idence to the effect that, in all
the circumstances, it was not necessary to construct a grill.
Thirdly , there is a propos ition of law to the effect that if a landowner
interferes w ith the natural course of a stream then he is liable for any
damage to his neighbours land which occurs as a consequence of that
interference, In this context the Board may be vulnerable to allegat ions
that the culvert, and the embankment which was built over it (and which
or iginally carried a ra ilway track ) amounted to an interference of the
natural course of the stream. Counsel advised that as th ese engineering
works took place so long ago there may be a legal argument to the effect
that by 1979 te embankment and culvert could be regarded as a 'natural
state ' of the land . Rowever, in the event that it is held that the
embankment and culvert do amount to an interference w ith the natura l
state we have to cons ider what effect the culvert and embankment had on
the rain which preceded the flood ing. It might be said that on the
day of the inc ident the embankment had the same effect on the free flow
of the stream as the art.ificial dam. In other words but for the existence
of the embankment,
There wou ld not have been created a pond with the
consequent flood ing or
Even if there was a flood it would not have effected
the Plaintiff's land to the same effect (for example
the water may have escaped in a different direction
or with  less  force).
Finally , therefore I would like you to consider what effec t the embankment
and the blocked culvert played in the flooding and whether it is necessarily
true that there would not have been any flooding or so severe a flooding had
the culvert and embankment not been there. The question may seem so obv ious
as to hardly merit serious cons ideration , but nevertheless 1 w ould like you
to . specifically deal w ith the point.
cont 'd  
I am not quite sure how you w ould w ish to approach the task of comp iling your
I report, but no doubt at som e stage you w ill need to undertake site v is itsand probably a lso you w ill w ish to meet with some of the Opencast offic ia ls
who have had some respons ib ility for this s ite . 1 have informed the Opencast
I
Executive that you arc being ins tructed in th is matter and I have asked them
mto iet e know w ith whom you should liaise in order to obta in any further
information  oi  assistance wh ich you require. My own contacts in th is case
I have been Reg Cridd le and Mr • !harry C oates. Poss ibly e ither or both of thesegen tlemen are known to you from your work on Opencast Public Inquiries. In
the- meantime if you would like a meeting w ith either my se lf or Mr• Watk ins
o f my Departmen t in order to d iscuss the points ar is ing out of this letter
I then p lease do not hes itate to contact me• .
Yours fa ithfully ,
R . illiams
Solic i r Sou th Wales
AP PEND IX C
No tes of Meeting he ld be tween NCB
and Gibb on 18 Feb ruary 1986
P LA CE :
DA T E :
P RESE NT :
P UR POS E :
1 .
NAT IO NAL COA L BOARD - OPENCA S T E XECUT I VE
FLOO DI NG AT RHYD- Y- CA R , MERT HYR T YD F I L
DE CEMBER 1979
INT RO DUCT I ON
1 . 1
N O T E S O F M E E T I N G
Of fi c e s o f Na t ion al Coal Boa r d , Ab e r d a r e
18t h Feb r ua r y , 19 86
H . Coa t e s
R . Cr i d d le
G . Wat ki n s
* R . Mile s
Dr . D . W. Ree d
R . We s t we l
M. LI . Ch ap man
* P ar t t i me
(i )
Nat ion a l Coa l Boa r d
I n s t i t u t e of Hy d r olo g y
Sir Ale x a n d e r Gib b & Par t n e r s
To la y b e fo r e t h e Na t ion al Coal Boa r d , p r elimi n a r y
fi n d in g s o f s t u d y c a r r ie d ou t b y Gib b an d t o s e ek
cla r i fi c a tio n fo r fu r t h e r wor k
Gib b op e n e d t h e me e t in g b y s ay in g t h a t t he y h a d
st u die d t h e b u n d le o f p a p e r s wh ic h h a d b een fo r wa r d e d
to t h e m un d e r co v e r of t h e NCB' s le t t e r d at e d 23r d
Dece mb e r , 18 85 .
1 . 2 Als o , Dr . D . W. Re e d h ad v isi t e d t he si t e p r ima r i ly
to ch e c k t h e c a t ch me nt b ou n d ar y an d t o v ie w t h e ge n e r a l
a r e a . A s ep ar a t e vi s it to t h e si t e h a d b e en ma d e
b y W. T . Me e , R . We s t we ll an d M. LI . Ch ap man o f
Gib b , i n or d e r t o look a t t h e c u lv e r t s an d s t r e ams
whic h we r e fl oo d e d d u r i n g t h e t r a gic e v en t o f Dec e mb e r
1979 .
1 . 3 T h e b r ie f wh ic h t he NCB h a d gi v e n t o Gi b b wa s
es s en t i a lly t o e x amin e t h e fo l owi n g t h r e e mat t e r s :
T o ch e ck t h e r e p or t p r e p a r e d b y Mr . Hu g h
P ay n e an d t o h i g h li g h t an y di f fe r e n c e s
of fac t an d op i n io n . T h e r e p or t p r e p a r e d
b y Mr . P a y n e i s la r g e ly con c e r n e d wi t h
t h e h y d r o log y o f t h e s i t e .
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89 712F
( N C B )
( Gi b b )
A CT I ON
I .
T o con s id e r t h e n e e d fo r a saf e t y g r i lle
a t t h e in le t t o t h e c u lv e r t whi c h wa s a t
p oi n t J on t h e p la n a t t a c he d to Mr . Cr id d le ' s
Re p or t .
( iii ) Flo od r ou t i n g an d in p a r t ic u la r t h e e f fec t
i f t he emb an k me n t a t J we r e no t t h e r e .
2.  HYDRO LO GY
2.1  Dr . Re e d s t a t e d t h a t he h a d e x ami ne d Mr . P a y n e ' s
Rep or t .
2.2  T he fi g u r e o f  140  mm . o f r ai n fa ll in t wo day s wa s
a g r e e d b u t t h er e we r e min or d i f fer ence s in a n a ly s is
in t he wa y t h a t Mr . Pay n e h a d e v alu a t e d t h i s b u t t h e
en d r e s u lt wa s t h e s a me .
2.3  I t wa s a g r e e d t h a t t h e r a i n fa l wa s e x c e p t io n al d u e
t o it s du r at ion r a t he r t h an i t s i n t en s i t y .
2.4  Bec a u s e o f t h e lo n g d u r a t io n o f t h e r a in fal l it wa s a
r a r e e v e n t fo r la r ge c a t ch me n t s s u c h a s t he T a f f an d
fo r t h a t ca t ch me n t t h e r e t u r n p e r iod wou ld b e in t h e
r a n g e  50  t o 100 ye a r s .
2.5  In t e r ms of lo n g du r a t ion , h e a v y r ai n fa ll eve n t s in
t h e a r e a , i t wa s not t h e wo r s t e v en t t h i s ce n t u r y .
A c omp a r a b le e v en t oc c u r r e d in Oc t ob e r  1946  an d a
s li g h t ly wor s e on e in Nov emb e r  1931.
2.6  Howe v e r , t h e s p e ci a l fe a t u r e o f t h e  1979  eve n t wa s
t h at it fo llowe d a we t p er iod an d j u s t p r ior t o t h e e v en t
t h e r ou n d wa s f r o zen wh ic h ma y ha v e con t r i b u t e d
t o a g r e a t e r r u n o f f .
I  1 2.7  Howe v e r , r ai n fa l l i n t e n s it y wa s n ot r a r e an d fo r a s ma ll
ca t c h me n t t h e r e t ur n p e r iod wo u l d b e a b ou t  5  t o  8  y e a r s .
T h e c r i t i c a l d u r a t io n fo r t h e c a t c h me n t i n qu e s t ion
is ab ou t  4  h ou r s .
2.8  In t e r ms o f t h e s mal l c a t c h me n t , s in c e t h e r e t u r n p e r iod
is  r e la t i v ely s ma ll , t he n t h e r e s h ou ld n o t hav e b e en
a  p r ob le m wi t h t h e cap aci t y o f t h e c u lv e r t .
2.9  Dr . Re e d a d v is e d t h a t h e a g r e e d wi t h P a yn e ' s s t a t e me n t
ab ou t t h e s e n si t i v it y o f t h e c a t c h me n t .
2.10  Calc u la t io n s fo r a  4.25  hou r d u r a t ion s t o r m g iv e p e a k
flo ws o f :
Ret u r n Pe r iod  
Ye ar s
Di s c h a r g e  
c u me c s
10 4 . 1
100 6.6
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AC T I O N
T he di s c h ar ge fi g u r e s a r e h ig h e r t h a n t h e c ap a ci t y
o f t he c u lv e r t q u o t e d in Pay n e ' s Rep or t .
2 . 11 Howe v e r , fo r t h e De c emb e r 1979 e v en t , t he p e a k fl ow
wa s 3 . 0 c u mec s . , a b ou t a 5 ye a r fl ood . T h e r an g e
of ac c u r ac y o f t h is fi gu r e o f p e a k fl ow is 2 . 0 - 4 . 5
cu mec s .
2 . 12 In c a r r y in g ou t t h e ab ov e a s s e s s men t t h e ca t c h me n t
ar e a was e v a lu a t e d t o b e 1 . 43 s q . k ms wh ic h is la r g e r
t h an t h e ar e a e v al u a t e d b y Pay n e . ( vi z : 1 . 03 s q . k ms . )
2 . 13 I t was n ot e d in Payn e 's r ep or t t h a t h e was o f t h e op in ion
t h at t he cu lve r t h a d p a s s e d a lo t of wa t e r s a fe ly p r ior
t o t h e b loc k a ge .
2 . 14 It wa s n o t e d t h a t P a y n e h a d e v a lu at e d t h e v o lu me
of wa t e r r e t ai n e d b e h in d t h e b loc ke d c u lve r t t o b e
28 00 0 c u . m . T h is fi g u r e h a s n ot y e t b e en c h e c k e d
an d t h is wil b e do n e .
2 . 15 Howe v e r , i f t h e fi g u r e o f 28 00 0 c u . m . i s a c c e p t e d
an d it is k n own t h a t t h e b loc k a g e oc c u r r e d t o wa r d s
t he e n d of t h e s t o r m , t h e r e is n o dou b t t h at t h e c u lv e r t
p as s e d a lo t o f wa t e r s a fe ly .
2 . 16 T h e e v a lu at ion o f t h e c u mu la t iv e in fl ow wa s v e r y
mu c h la r g er t h a n 28 000 c u . m.7 b ei n g i n e x ce s s o f
100 000 c u . m . T h e ac t u al fi g u r e can b e a s s e s s e d .
ACT I O N
Gib b
Gi b b
2 . 17 NC B s t a t e d t h a t t h is p a r t ic u la r fa c t wa s a v e r y i mp or t an t
le g o f t h ei r d e fen c e , s in c e it d e mon s t r a t e d t h a t t h e
cu lv e r t wa s fu n c t ion i n g a d e q u at e ly p r i o r t o t h e b loc k a ge .
2 . 18 Dr . Ree d n ot e d t h at on p a ge 4 o f Mr . Pe r r y ' s r e p or t
a r e fe r e n ce wa s ma d e t o t h e s t a t e men t g iv en b y Mr .
Glan mor Da v ie s wh ic h in d i c a t e d t h at t h e r e wa s a n
in c r e a s e in fl ow in t h e s t r e a m 1 h ou r b e fo r e fa il u r e .
Dr . Ree d r e q u e s t e d t h e NCB t o ob t ain  a  cop y o f t h e
s t a t eme n t ma d e b y Mr . Gl a n mor Davi e s i n or d e r t o
ch e c k e x ac t ly wh a t h e s ai d a s i t cou ld p r ov e i mp or t a n t . NC B
2 . 19 It wa s n o t e d in p a r a gr ap h 12 o f Mr . P a y ne's r ep or t
t h at t h e lo n g d u r at ion r ai n fal l e v e n t g i v e s mo r e s co p e
fo r deb r i s t o mo v e a n d t h is is a cc ep t e d .
2 . 20 Be ca u s e of t h e lon g du r a t io n o f t h e s t o r m a n d t h e
mov eme n t o f t h e d e b r i s wh e n t h e c u lv e r t h a d b loc k e d ,
i t cou ld not ha v e h a p p e n e d a t  a  wor s e e v e n t b e c a u s e
t h e du r a t ion of t h e r ain f al l was s u f fi c ie n t ly lo n g en ou g h
t o c a u s e t h e fi l lin g o f a la r g e p on d o f wa t e r .
2 . 21 In t h is r es p e c t , t h e e v en t c ou ld b e co n s id e r e d in t e r ms
of a r e t u r n pe ri od o f b e t we e n 50 - 10 0 y e ar s .
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2 . 22 T h e NC B not e d t h e d if fi c u lt y in t r y in g t o in d i c a t e
t h e de g r ee of r is k b y r e t u r n p e r io d s in t h a t i t is
v e r y imp or t an t to en s u r e t h a t a l l t h e r e la t iv e fa c to r s
a r e t a k e n in to accou n t . T h e N C B p o in t e d ou t t h at
Mr . Pe r r y , in hi s r ep or t , h a d g o ne al o n g wi t h t h e
id e a t h a t t h e r ain fal l e v en t in q u e s t ion was a r a r e
oc c u r r en c e .
2 . 23 Dr . Re e d in dica t e d t ha t Mr . Pe r r y h a d inco r r e c t ly
no t e d t he hi g h e s t le v el o f t h e c a t ch me n t as b ei n g
900 ft . wh e r e as i t is , in fa c t , 1 400 ft .
2 . 24 Gib b we r e of t h e v ie w t h a t fo llo wi n g t h e b loc ka ge
of t h e c u lv e r t t h e emb an k me n t t h e n b e c ame s a t u r a t e d
wh en t h e wa t e r o f t h e imp o u n ded la k e r o s e an d fa i lu r e
o f t h e emb an kmen t wa s p r op os e d a s a r e s u lt o f t h e
emb a n k me n t gi v in g wa y r a t h e r t h a n ov e r t op p in g ;
a lt h ou g h t h e top wa t e r le v e l wa s ne ar ly coin ci d e n t
wit h t h e t op le v el o f t h e e mb a n k me n t .
2 . 25 Mr . Pe r r y in hi s r ep or t r ai s e s t h e q u e s t ion o f wh a t
wou ld b e t h e con s eq u e n c e i f t h e c u lv e r t b loc k e d . NCB
a g r e e d t h a t t h is s h ou ld b e e x ami n e d .
2 . 26 It wa s a g r e e d t h at Dr . Re e d s h ou ld c h e c k on t h e li kelih ood
of 28 000 c u . m. of wat e r co lle c t i n g b e h i n d t h e b lock e d
c u lv e r t . In ot h e r wor d s , t o e v a lu a t e t h e r e t u r n
pe r io d s n ece s s ar y fo r s u c h a v o l u me o f wat e r t o co llec t . Gib b
3 . SA FET Y GRI LLE S
3 . 1 Gi b b s t a t e d t ha t t he y s h a r e d t h e s ame op in ion ab ou t
t h e u s e o f s afe t y g r i l e s a s s t a t e d in Mr . Pay n e ' s r ep or t .
3 . 2 In or d e r t o ve r ify t h is v ie w , a le t t e r h a d be e n wr it t e n
t o t h e Wels h Wat er Au t h or i t y , B r e con , in vi t in g t h em
t o a d v i s e wh at is t h e ir p o li c y o r r e co mmen d a t ion s wit h
r e g a r d t o t he fix in g of g r i l le s t o c u lv e r t s .
4 . FLOOD RO UT I NG
4 . 1 Followi n g a v isi t t o t he s i t e , Gib b no t e d t ha t t h e d is c h a r g e
was con t r o l e d b y a lo n g c u lv e r t u p s t r e am o f t h e
co t t a ge s a t Rh y d - y - Car .
4 . 2 I t wou ld be pos sib le to c al c u la t e t h e amou n t o f wa t e r
whi c h d i s ch ar ge d t h r ou g h t h at c u lv e r t a n d t o e v al u a t e
t h e p e ak flo w i f s u r v ey in fo r ma t io n wa s avai la b le .
T he NCB s t a t e d t ha t t h e y d i d h a v e s u r v ey i n for mat ion
whic h in d ic at e s t he r eq u i r e d d e t a i ls a n d t h is wou ld
b e fo r war de d t o Gib b .
4 . 3 Gib b n ot e d t ha t down s t r e a m o f t h e c on t r oll in g cu lv e r t
we r e a n u mb er o f si g ni fic an t ob s t r u c t i o n s in t h e wa t e r
cou r s e .
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ACT I O N
Gib b
N CB
4 . 4 T he fi r s t o f t h e s e wa s a c i ll co n s t r u c t e d on t h e i n le t t o
t he c u lv e r t whic h p a s s e s u n d e r t h e Rh y d - y - C a r p la yi n g
fi e ld s . T h e NC B s t a t e d t h a t t h e ci l wa s , in fa c t ,
co n s t r u c t e d b y Me r t h y r Bor ou g h Cou n c i l p r io r t o 19 74 .
4 . 5 Be ca u s e o f t he con s t r u c t ion of t h e ci ll , s i lt a t ion h a d
oc c u r r e d i n t h e wat e r cou r s e to s u c h a n ex t e n t t h a t
t h e r e wa s v i r t u al ly no ga p b e t we en t h e s t r e a m b e d
an d t h e u n d e r s id e o f t h e wa t e r mai n s . T he N CB a d v is e d
t h at t h e y we r e g i v en t o u n d e r s t a n d t h a t in t h e p a s t
it wa s p o s si b le t o wal k a lo n g t h e s t r e a m be d u n d e r
t h e wat e r mai n s wit h ou t h a v in g to b e n d down .
4 . 6 Be ca u s e o f t h e s i lt a t ion in t h e s t r e am , t h e wa t e r main s
e f fec t i v e ly a c t a s a d am a n d c a u s e d wa t e r t o b a c k
u p i n t he s t r e a m .
4 . 7 It s e e ms li k e ly t h a t t his b ac ki n g u p wou ld h a v e oc c u r r e d
u p t o t h e fo ot b r i d ge ac r os s t h e s t r e a m a n d b e c au s e
of t h a t , i t wo u ld h a v e con t r i b u t e d t o t h e s t r e a m b e comin g
b loc k e d wi t h fl oa ti n g de b r i s a t t h e fo o t b r i d ge .
4 . 8 T he co n s e q u en c e o f t h i s wo uld h a v e b e e n t h a t t h e
wa t e r wa s di r e c t e d do wn t h e b a c k al e y wa y o f t h e
Rh y d - y - Ca r co t t a g e s r e s u lt i n g in t h e s e v e r e a n d fa t a l
fl oo d i n g .
4 . 9 It wa s n ot e d t h at t h e foot b r i d g e wa s co n s t r u c t e d b y
one o f t h e r e s i d e n t s li v in g in t h e Rh y d - y - Ca r co t t a ge s
an d wa s o f s t e e l an d con c r e t e . Alt hou g h no d e t ai ls
s u r v iv e o f i t s con s t r u c t ion i t is k n own t h at t h e ab u t me n t s
we r e con s t r u c t e d in t h e s t r e a m b e d an d t he d e c k wa s
n ot a g r e a t di s t a n c e ab ov e t h e in v eTt o f t h e c h a n n el .
In i t s e l f , i t wa s li k ely t h at t he foot b r i d g e ac t e d a s
a co n s t r ic ti o n in t h e s t r e am .
4 . 10 T he NC B s t a t e d t h at t h e y own t h e s t r e a m fr o m t h e
poin t wh e r e t h e wa t e r main s c r o s s i t a n d u p s t r e a m a s
far a s t h e ou t le t o f t h e cu lv e r t ; b u t t h e y di d n ot
own t h e b a n k s o f t h e s t r e am .
5 . MIS CELLANEO US
5 . 1 It wa s not e d in Mr . Pay n e ' s r ep or t t h a t h e h a d e x a mi ne d
ot h e r c u lv e r t s wi t h in t h e Me r t h y r a r e a a n d Gi b b s t a t e d
t h a t i t wou ld b e a g r e a t d e al o f wo r k fo r t h em t o c h e c k t h e
s t a t eme n t ma de b y Mr . Pay n e a bou t t h e s e c u lv e r t s .
T h e N CB s t a t e d t h a t t h e r e wa s n o n ee d fo r Gib b t o
ch e c k t h e o t h e r c u lv e r t s in t h e a r e a a n d t h a t Gib b
s h ou ld co n c e n t r a t e on t h e p a r ti c u la r c u l v er t s in q u e s t ion
on t h e s i t e .
ACT I ON
5 . 2 I t wa s a g r ee d b y t h e NCB t h at Gib b s h ou ld p r e p ar e
a d r a f t r ep o r t fi r s t o f al l fo r comme n t b y t he NCB . Gib b
- 5-
5 . 3 T he d r a f t r e p or t s hou ld , in fa c t , b e in d ep en d en t a n d
n ot b e in t e r - me s h e d wi t h Mr . P a y n e ' s r e p or t b u t i t
s h ou ld r e fe r t o Mr . Per r y ' s r ep or t in s t e a d .
5 . 4 I t was men t ion e d d u r in g t h e mee t i n g t h a t t h e r oa d
on t op o f t h e emb an k men t f r om c u lv e r t .1 wa s " a p u b li c
v eh ic u la r t r ac k " . T he NC B a d v i s e d t h a t Me r t h y r
Cou n t y Bor ou g h u s e d to mai n t ai n t h e r oa d .
5 . 5 Gib b s t a t e d t h a t i f t h e h i g h way was mai n t ain e d a t
p u b li c e x p e n s e t h en it is p r ob ab le t h a t t h e mai n t en a n ce
of t h e c u lv e r t u n d e r th e hi g h wa y s h o u ld als o r e s t
wit h t h e h i g h way au t hor i t y .
5 . 6 Gib b wou ld e s t a b li s h if t h e r oa d on to p o f t h e e mb an k me n
a t c u lv e r t J is a h i g h wa y ma in t ai n ab le a t t h e p u b li c
e x p e n s e . T hi s cou ld b e do n e b y in s p e c t in g t h e p lan s
whic h s h ou ld be mai n t ai n e d fo r s u c h p u r p os e s a t t he
of fic e s o f Mid Glamor gan Cou n t y Cou n ci l .
5 . 7 T he NCB s t a t e d t h at wh e n t h e y ma d e a n ap p lic a t ion
for op e n c as t a c t ivi t ie s on t h e si t e in t h e la t e 1960 ' s
t he y h a d p r ep a r e d a dr af t o r de r fo r s t op p in g u p t h e
h i g h wa y an d b e c a u s e p lan n in g co n s e n t was no t r a n t e d
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